The ASAS-SN Bright Supernova Catalog -- III. 2016 by Holoien, T. W. -S. et al.
MNRAS 000, 000–000 (2017) Preprint 31 October 2017 Compiled using MNRAS LATEX style file v3.0
The ASAS-SN Bright Supernova Catalog – III. 2016
T. W.-S. Holoien1,2,3?, J. S. Brown1, K. Z. Stanek1,2, C. S. Kochanek1,2,
B. J. Shappee4,5, J. L. Prieto6,7, Subo Dong8, J. Brimacombe9, D. W. Bishop10,
S. Bose8, J. F. Beacom1,2,11, D. Bersier12, Ping Chen8, L. Chomiuk13,
E. Falco14, D. Godoy-Rivera1, N. Morrell15, G. Pojmanski16, J. V. Shields1,
J. Strader13, M. D. Stritzinger17, Todd A. Thompson1,2, P. R. Woz´niak18,
G. Bock19, P. Cacella20, E. Conseil21, I. Cruz22, J. M. Fernandez23, S. Kiyota24,
R. A. Koff25, G. Krannich26, P. Marples27, G. Masi28, L. A. G. Monard29,
B. Nicholls30, J. Nicolas31, R. S. Post32, G. Stone33, and W. S. Wiethoff34
1 Department of Astronomy, The Ohio State University, 140 West 18th Avenue, Columbus, OH 43210, USA
2 Center for Cosmology and AstroParticle Physics (CCAPP), The Ohio State University, 191 W. Woodruff Ave.,
Columbus, OH 43210, USA
3 US Department of Energy Computational Science Graduate Fellow
4 Carnegie Observatories, 813 Santa Barbara Street, Pasadena, CA 91101, USA
5 Hubble and Carnegie-Princeton Fellow
6 Nu´cleo de Astronomı´a de la Facultad de Ingenier´ıa y Ciencias, Universidad Diego Portales, Av. Eje´rcito 441, Santiago, Chile
7 Millennium Institute of Astrophysics, Santiago, Chile
8 Kavli Institute for Astronomy and Astrophysics, Peking University, Yi He Yuan Road 5, Hai Dian District,
Beijing 100871, China
9 Coral Towers Observatory, Cairns, Queensland 4870, Australia
10 Rochester Academy of Science, 1194 West Avenue, Hilton, NY 14468, USA
11 Department of Physics, The Ohio State University, 191 W. Woodruff Ave., Columbus, OH 43210, USA
12 Astrophysics Research Institute, Liverpool John Moores University, 146 Brownlow Hill, Liverpool L3 5RF, UK
13 Department of Physics and Astronomy, Michigan State University, East Lansing, MI 48824, USA
14 Harvard-Smithsonian Center for Astrophysics, 60 Garden St., Cambridge, MA 02138, USA
15 Las Campanas Observatory, Carnegie Observatories, Casilla 601, La Serena, Chile
16 Warsaw University Astronomical Observatory, Al. Ujazdowskie 4, 00-478 Warsaw, Poland
17 Department of Physics and Astronomy, Aarhus University, Ny Munkegade 120, DK-8000 Aarhus C, Denmark
18 Los Alamos National Laboratory, Mail Stop B244, Los Alamos, NM 87545, USA
19 Runaway Bay Observatory, 1 Lee Road, Runaway Bay, Queensland 4216, Australia
20 DogsHeaven Observatory, SMPW Q25 CJ1 LT10B, Brasilia, DF 71745-501, Brazil
21 Association Francaise des Observateurs d’Etoiles Variables (AFOEV), Observatoire de Strasbourg, 11 Rue de l’Universite,
67000 Strasbourg, France
22 Cruz Observatory, 1971 Haverton Drive, Reynoldsburg, OH 43068, USA
23 Observatory Inmaculada del Molino, Hernando de Esturmio 46, Osuna, 41640 Sevilla, Spain
24 Variable Star Observers League in Japan, 7-1 Kitahatsutomi, Kamagaya, Chiba 273-0126, Japan
25 Antelope Hills Observatory, 980 Antelope Drive West, Bennett, CO 80102, USA
26 Roof Observatory Kaufering, Lessingstr. 16, D-86916 Kaufering, Germany
27 Leyburn & Loganholme Observatories, 45 Kiewa Drive, Loganholme, Queensland 4129, Australia
28 Virtual Telescope Project, Via Madonna de Loco, 47-03023 Ceccano (FR), Italy
29 Kleinkaroo Observatory, Calitzdorp, St. Helena 1B, P.O. Box 281, 6660 Calitzdorp, Western Cape, South Africa
30 Mount Vernon Observatory, 6 Mount Vernon Place, Nelson, New Zealand
31 Groupe SNAude France, 364 Chemin de Notre Dame, 06220 Vallauris, France
32 Post Observatory, Lexington, MA 02421, USA
33 Sierra Remote Observatories, 44325 Alder Heights Road, Auberry, CA 93602, USA
34 Department of Earth and Environmental Sciences, University of Minnesota, 230 Heller Hall, 1114 Kirby Drive,
Duluth, MN. 55812, USA
31 October 2017
ABSTRACT
This catalog summarizes information for all supernovae discovered by the All-Sky
Automated Survey for SuperNovae (ASAS-SN) and all other bright (mpeak 6 17),
spectroscopically confirmed supernovae discovered in 2016. We then gather the near-
IR through UV magnitudes of all host galaxies and the offsets of the supernovae from
the centers of their hosts from public databases. We illustrate the results using a
sample that now totals 668 supernovae discovered since 2014 May 1, including the
supernovae from our previous catalogs, with type distributions closely matching those
of the ideal magnitude limited sample from Li et al. (2011). This is the third of a series
of yearly papers on bright supernovae and their hosts from the ASAS-SN team.
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1 INTRODUCTION
The last two decades have seen the proliferation of large,
systematic surveys that search some or all of the sky for su-
pernovae (SNe) and other transient phenomena. Significant
examples include the Lick Observatory Supernova Search
(LOSS; Li et al. 2000), the Panoramic Survey Telescope
& Rapid Response System (Pan-STARRS; Kaiser et al.
2002), the Texas Supernova Search (Quimby 2006), the
Sloan Digital Sky Survey (SDSS) Supernova Survey (Frie-
man et al. 2008), the Catalina Real-Time Transient Survey
(CRTS; Drake et al. 2009), the CHilean Automatic Super-
nova sEarch (CHASE; Pignata et al. 2009), the Palomar
Transient Factory (PTF; Law et al. 2009), the Gaia transient
survey (Hodgkin et al. 2013), the La Silla-QUEST (LSQ)
Low Redshift Supernova Survey (Baltay et al. 2013), the
Mobile Astronomical System of TElescope Robots (MAS-
TER; Gorbovskoy et al. 2013) survey, the Optical Gravi-
tational Lensing Experiment-IV (OGLE-IV; Wyrzykowski
et al. 2014), and the Asteroid Terrestrial-impact Last Alert
System (ATLAS; Tonry 2011).
Despite the number of transient survey projects, there
has been no rapid-cadence optical survey scanning the entire
visible sky to find the bright and nearby transients that can
be observed in the greatest detail. Such events can provide
the detailed observational data needed to have the greatest
physical impact.
This is the goal of the All-Sky Automated Survey for
SuperNovae (ASAS-SN1; Shappee et al. 2014). ASAS-SN
is a long-term project designed to find bright transients,
and has been highly successful since the beginning of survey
operations, finding many interesting and nearby supernovae
(e.g., Dong et al. 2016a; Holoien et al. 2016a; Shappee et al.
2016a; Godoy-Rivera et al. 2017), tidal disruption events
(Holoien et al. 2014a; Brown et al. 2016b,a; Holoien et al.
2016c,b; Prieto et al. 2016a; Romero-Can˜izales et al. 2016),
active galactic nucleus flares (Shappee et al. 2014), stellar
outbursts (Holoien et al. 2014b; Schmidt et al. 2014; Herczeg
et al. 2016; Schmidt et al. 2016), and cataclysmic variable
stars (Kato et al. 2014a,b, 2015, 2016).
During 2016, ASAS-SN comprised eight 14-cm tele-
scopes with standard V -band filters, each with a 4.5×4.5 de-
gree field-of-view and a limiting magnitude of mV ∼ 17 (see
Shappee et al. (2014) for further technical details). These
telescopes are divided into two units each with four tele-
scopes on a common mount hosted by the Las Cumbres
Observatory (Brown et al. 2013). Brutus, our northern unit,
is housed at the Las Cumbres Observatory site on Mount
Haleakala in Hawaii, and Cassius, our southern unit, is
hosted at the Las Cumbres Observatory site at Cerro Tololo,
Chile. The two units combined give ASAS-SN roughly 20000
square degrees of coverage per clear night, allowing us to
cover the entire observable sky (roughly 30000 square de-
grees at any given time) with a 2− 3 day cadence. In 2017,
ASAS-SN will expand to five units (20 telescopes) at four
sites (Hawaii, McDonald Observatory in Texas, Sutherland,
South Africa, and two in Chile), allowing nightly coverage
of the visible sky with little sensitivity to local weather. For
a more detailed history of the ASAS-SN project, see the
1 http://www.astronomy.ohio-state.edu/~assassin/
introduction of Holoien et al. (2017b) and Shappee et al.
(2014).
ASAS-SN data are processed and searched in real-time
and all ASAS-SN discoveries are announced publicly upon
confirmation, allowing for rapid discovery and response by
both the ASAS-SN team and others. Our untargeted survey
approach and complete spectroscopic identification makes
our sample less biased than those of many other supernova
searches. This makes it ideal for population studies of nearby
supernovae and their hosts.
This manuscript is the third of a series of yearly cata-
logs provided by the ASAS-SN team and presents collected
information on supernovae discovered by ASAS-SN in 2016
and their host galaxies. As in our previous catalogs (Holoien
et al. 2017b,a), we also provide the same information for
bright supernovae (those with mpeak 6 17) that were discov-
ered by other professional surveys and amateur astronomers
in 2016 to construct a complete sample of bright supernovae
discovered in 2016. This includes whether ASAS-SN inde-
pendently found the supernovae after the initial announce-
ment.
The analyses and information presented in this paper
supersede the information presented in discovery and clas-
sification Astronomer’s Telegrams (ATels), which we cite in
this manuscript, and the information publicly available on
ASAS-SN webpages and the Transient Name Server (TNS2).
In §2 we describe the sources of the information pre-
sented in this manuscript and list ASAS-SN supernovae with
updated classifications or redshift measurements. In §3, we
give statistics on the supernova and host galaxy popula-
tions in our full cumulative sample, including the discov-
eries listed in Holoien et al. (2017b,a), and discuss overall
trends in the sample. Throughout our analyses, we assume a
standard ΛCDM cosmology with H0 = 69.3 km s
−1 Mpc−1,
ΩM = 0.29, and ΩΛ = 0.71 for converting host redshifts
into distances. In §4, we conclude with our overall findings
and discuss how the upcoming expansion to ASAS-SN will
impact our future discoveries.
2 DATA SAMPLES
Below we outline the sources of the data collected in our su-
pernova and host galaxy samples. These data are presented
in Tables 1, 2, 3, and 4.
2.1 The ASAS-SN Supernova Sample
Table 1 includes information for all supernovae discovered
by ASAS-SN between 2016 January 1 and 2016 December
31. As in Holoien et al. (2017b,a), all names, discovery dates,
and host names are taken from our discovery ATels, all of
which are cited in Table 1. We also include the supernova
names designated by TNS, the official IAU mechanism for
reporting new astronomical transients. As is noted in our
ATels, the ASAS-SN team is participating in the TNS sys-
tem to minimize potential confusion, but we use the ASAS-
SN designations as our primary nomenclature and encourage
2 https://wis-tns.weizmann.ac.il/
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others to do the same in order to preserve the origin of the
transient in future literature.
ASAS-SN supernova redshifts were spectroscopically
measured from classification spectra. For those cases where
a supernova host had a previously measured redshift and the
host redshift is consistent with the transient redshift, we list
the redshift of the host taken from the NASA/IPAC Extra-
galactic Database (NED)3. For all other cases we typically
report the redshifts given in the classification telegrams, ex-
cepting those that have been updated in this work (see be-
low).
ASAS-SN supernova classifications are taken from clas-
sification telegrams, which we have cited in Table 1, when
available. In some cases a classification was only reported
on TNS and was not reported in an ATel; for these cases we
list “TNS” in the “Classification Telegram” column. When
available in the classification ATel or on TNS we also give
the approximate age at discovery measured in days relative
to peak. Classifications were typically obtained using either
the Supernova Identification code (SNID; Blondin & Tonry
2007) or the Generic Classification Tool (GELATO4; Haru-
tyunyan et al. 2008), which both compare observed input
spectra to template spectra in order to estimate the super-
nova age and type.
Using archival classification and late-time spectra of the
ASAS-SN supernova discoveries taken from TNS and Weiz-
mann Interactive Supernova data REPository (WISEREP;
Yaron & Gal-Yam 2012), we also update a number of red-
shifts and classifications that differ from what was reported
in the discovery and classification telegrams. ASASSN-16ah,
ASASSN-16bm, ASASSN-16bq, ASASSN-16bv, ASASSN-
16cr, ASASSN-16cs, ASASSN-16es, ASASSN-16fa,
ASASSN-16fc, ASASSN-16fx, ASASSN-16gz, ASASSN-
16hr, ASASSN-16hw, ASASSM-16ip, ASASSN-16je,
ASASSN-16jj, ASASSN-16la, ASASSN-16lc, ASASSN-16ll,
ASASSN-16mj, ASASSN-16ns, ASASSN-16oj, ASASSN-
16ok, ASASSN-16ol, ASASSN-16oy, ASASSN-16pd,
ASASSN-16pj, and ASASSN-16pk have updated redshifts
based on archival spectra. ASASSN-16dx has been reclas-
sified from archival spectra, and ASASSN-16fp has been
classified as a Ib/Ic-BL (Yamanaka et al. 2017). All updated
redshifts and classifications are reported in Table 1.
Using the astrometry.net (Barron et al. 2008; Lang et al.
2010) package we solved the astrometry in follow-up im-
ages for all ASAS-SN supernovae and measured a centroid
position for the supernova using Iraf. This approach typi-
cally yields errors of <1.′′0 in position, which is significantly
more accurate than measuring the supernova position di-
rectly in ASAS-SN images, which have a 7.′′0 pixel scale.
The images used to measure astrometry were obtained us-
ing the Las Cumbres Observatory 1-m telescopes (Brown
et al. 2013), OSMOS mounted on the MDM Hiltner 2.4-m
telescope, or from amateur collaborators working with the
ASAS-SN team. For most cases, the coordinates measured
from follow-up images were reported in our discovery ATels,
but we report new, more accurate coordinates in Table 1
for those cases where the supernovae were announced with
coordinates measured in ASAS-SN data. The offset from
3 https://ned.ipac.caltech.edu/
4 gelato.tng.iac.es
the host galaxy nucleus is also reported, and was calculated
using the coordinates measured from follow-up images and
host coordinates available in NED.
V -band, host-subtracted discovery and peak magni-
tudes were re-measured from ASAS-SN data for all ASAS-
SN supernova discoveries, and these magnitudes are re-
ported in Table 1. This has resulted in differences between
the magnitudes reported in this work and the magnitudes re-
ported in the original discovery ATels for some cases, where
re-reduction of the data has led to improvements in our pho-
tometry. We define the “discovery magnitude” as the mag-
nitude of the supernova on the announced discovery date.
For cases with enough detections in the light curve, we also
perform a parabolic fit to the light curve and estimate a
peak magnitude based on the fit. The “peak magnitude” re-
ported in Table 1 is the brighter value between the brightest
measured magnitude and the peak of the parabolic fit.
We include all supernovae discovered by ASAS-SN in
2016 in this catalog and in Table 1, including those that
peaked at magnitudes fainter than mV = 17. In the com-
parison analyses presented in §3, however, we only include
those ASAS-SN supernovae with mV,peak 6 17 so that our
sample is consistent with the non-ASAS-SN sample.
2.2 The Non-ASAS-SN Supernova Sample
In Table 2 we give information for all spectroscopically con-
firmed supernovae with peak magnitudes of mpeak 6 17 that
were discovered by other professional and amateur super-
nova searches between 2016 January 1 and 2016 December
31.
We compiled data for the non-ASAS-SN discoveries
from the “latest supernovae” website5 designed and main-
tained by D. W. Bishop (Gal-Yam et al. 2013). This site
compiles discoveries reported from different channels and
links objects reported by different sources at different times,
making it an ideal source for collecting information on su-
pernovae discovered by different search groups. While we
did use TNS for verification of the data from the latest su-
pernovae website, we did not use it as the primary source
of information on non-ASAS-SN discoveries, as some super-
nova searches do not participate in the TNS system.
Names, IAU names, discovery dates, coordinates, host
names, host offsets, peak magnitudes, spectral types, and
discovery sources for each supernova in the non-ASAS-SN
sample were taken from the latest supernovae website when
possible. Host galaxy redshifts were collected from NED
when available and were taken from the latest supernovae
website otherwise. For cases where a host name or host offset
was not listed on the website for a supernova, the primary
name and offset were taken from NED. In these cases, we
define the offset as the distance between the reported coordi-
nates of the supernova and the galaxy coordinates in NED.
In some cases, no catalogued galaxy was listed at the posi-
tion of the host in NED, but a host galaxy was clearly visible
in archival Pan-STARRS data (Chambers et al. 2016) . In
these cases, we measured the centroid position of the host
nucleus using Iraf and calculated the offset using those co-
ordinates. For all supernovae in both samples we use the
5 http://www.rochesterastronomy.org/snimages/
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Figure 1. Left Panel : Breakdown by type of the supernovae discovered by ASAS-SN between 2014 May 01 and 2016 December 31. The
proportions of each type is very similar to that of an ideal magnitude-limited sample (Li et al. 2011). Center Panel : The same chart for
the non-ASAS-SN sample in the same time period. Right Panel : The same breakdown of types for the combined supernova sample. For
the purposes of this analysis, we exclude superluminous supernovae and include Type IIb supernovae in the “Type II” sample.
primary name of the host galaxy listed in NED, which some-
times differs from the name listed on the ASAS-SN super-
nova page or the latest supernova website.
We update the redshifts and classifications of several
supernovae discovered by non-ASAS-SN sources that have
missing or incorrect information on the latest supernovae
website. Using archival classification and late-time spectra
from TNS and WISeREP we have updated the classifica-
tions of SN 2016ajf, SN 2016bau, SN 2016gxp, KAIT-16az,
Gaia16cbd, and SN 2016aqt, which were previously mis-
typed. CSS160708:151956+052419/SN 2016ehy has a red-
shift of z = 0.045 (I. Shivvers, private communication) and
Gaia16alq/SN 2016dxv has a redshift of z = 0.023 (A. Pias-
cik, private communication), measured from supernova lines
in the spectra in both cases. Finally, based on an examina-
tion of available spectra, PS16dtm/SN 2016ezh, which was
previously reported as a Type-II superluminous supernova
(SLSN-II, Terreran et al. 2016b; Dong et al. 2016d), ap-
pears to be a highly unique object, possibly consistent with
a SLSN-II, a tidal disruption event, or even rare AGN activ-
ity (e.g., Blanchard et al. 2017). For this reason, we include
it in the catalog, but exclude it from the analyses that follow.
All updated types and redshifts are reported in Table 2.
The name of the discovery group is listed for all super-
novae discovered by other professional surveys. For those
supernovae discovered by non-professional astronomers, we
list “Amateurs” as the discovery source to differentiate these
from those discovered by ASAS-SN and other professional
astronomers and surveys. As in previous years, amateurs ac-
count for the largest number of bright supernova discoveries
in 2016 after ASAS-SN.
As in our previous catalogs, we note in Table 2 if the
ASAS-SN team independently recovered these supernovae
while scanning our data. This is done to help quantify the
impact ASAS-SN has on the discovery of bright supernovae
in the absence of other supernovae searches.
2.3 The Host Galaxy Samples
For the host galaxies of both supernova samples, we col-
lected Galactic extinction estimates for the direction to the
host and host magnitudes spanning from the near-ultraviolet
(NUV) to the infrared (IR) wavelengths. We present these
data in Tables 3 and 4 for ASAS-SN hosts and non-ASAS-SN
hosts, respectively. Galactic AV from Schlafly & Finkbeiner
(2011) at the positions of the supernovae were gathered from
NED. NUV magnitudes are taken from the Galaxy Evo-
lution Explorer (GALEX; Morrissey et al. 2007) All Sky
Imaging Survey (AIS), optical ugriz magnitudes are gath-
ered from the Sloan Digital Sky Survey Data Release 13
(SDSS DR13; SDSS Collaboration et al. 2016), NIR JHKS
magnitudes are gathered from the Two-Micron All Sky Sur-
vey (2MASS; Skrutskie et al. 2006), and IR W1 and W2
magnitudes are gathered from the Wide-field Infrared Sur-
vey Explorer (WISE; Wright et al. 2010) AllWISE source
catalog.
When a host galaxy was not detected in 2MASS, we
adopted an upper limit corresponding to the faintest 2MASS
host magnitudes in our sample for the J and H bands (mJ >
16.5, mH > 15.7). For hosts that are not detected in 2MASS
but are detected in the WISE W1 band, we estimated a host
magnitude by adding the mean KS − W1 offset from the
sample to the WISE W1 data. This offset was calculated by
averaging the offsets for all hosts that are detected in both
the KS and W1 bands from both supernova samples from
2014 May 1 through 2016 December 31. The average offset is
equal to −0.51 magnitudes with a scatter of 0.04 magnitudes
and a standard error of 0.002 magnitudes. If a host was not
detected in either 2MASS or WISE, we adopted an upper
limit of mKS > 15.6, corresponding to the faintest detected
host in our sample.
3 ANALYSIS OF THE SAMPLE
Combining all the bright supernovae discovered between
2014 May 01, when ASAS-SN became operational in both
MNRAS 000, 000–000 (2017)
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Figure 2. Upper Panel : Offset from the host nucleus in arcseconds compared to the absolute KS-band host magnitude for all supernovae
in our combined sample discovered between 2014 May 1 and 2016 December 31. The top axis shows log (L/L?) values corresponding
to the magnitude range shown on the bottom scale assuming M?,KS = −24.2 (Kochanek et al. 2001). ASAS-SN supernova discoveries
are shown as red stars, amateur discoveries are shown as black circles, and discoveries by other professional searches are shown as blue
squares. Triangles indicate upper limits on the host galaxy magnitudes for hosts that were not detected in 2MASS or WISE. Points are
filled for supernovae that were independently recovered by ASAS-SN. We indicate the median offsets and host magnitudes for ASAS-SN
discoveries, amateur discoveries, and other professional discoveries using dashed, dotted, and dash-dotted lines, respectively, in colors
that match the data points. Lower Panel : As above, but with the offset measured in kiloparsecs.
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Figure 3. Cumulative, normalized distributions of host galaxy absolute magnitude (upper panel), offset from host nucleus in arcseconds
(center panel), and offset from host nucleus in kpc (bottom panel) for the ASAS-SN supernova sample (red), the other professional
sample (blue), and the amateur sample (black). These figures further illustrate the trends from Figure 2: Amateur discoveries are clearly
more biased towards more luminous hosts than professional surveys (including ASAS-SN), while ASAS-SN finds supernovae at smaller
offsets, regardless of whether offset is measured in arcseconds or kpc.
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hemispheres, and 2016 December 31 provides a sample of
668 supernovae once we exclude ASAS-SN discoveries with
mpeak > 17.0 (Holoien et al. 2017b,a). Of these, 58% (389)
were discovered by ASAS-SN, 21% (137) were discovered by
other professional surveys, and 21% (142) were discovered
by amateur astronomers. 449 were Type Ia supernovae, 178
were Type II supernovae, 40 were Type Ib/Ic supernovae,
and 1 was a superluminous supernova. As in our previous
catalogs, we consider Type IIb supernovae as part of the
Type II sample to allow for more direct comparison with the
results of Li et al. (2011). ASASSN-15lh is excluded in anal-
yses that follow looking at trends by type, as all available
evidence points to it being an extremely luminous Type I
SLSN (Dong et al. 2016a; Godoy-Rivera et al. 2017), though
it has also been classified as a tidal disruption event around
a Kerr black hole (Leloudas et al. 2016). ASAS-SN discov-
eries account for 66% of the Type Ia supernovae, 45% of the
Type II supernovae, and 25% of the Type Ib/Ic supernovae.
Amateur discoveries account for 16%, 30%, and 48% of the
Type Ia, Type II, and Type Ib/Ic supernovae in the sample,
respectively, and discoveries from other professional surveys
account for the remaining 18%, 25%, and 28% of each type.
Figure 1 shows pie charts breaking down the type distri-
butions of supernovae in the ASAS-SN, non-ASAS-SN, and
combined samples. Type Ia supernovae represent the largest
fraction of supernovae in all three samples, as expected for
a magnitude-limited sample (e.g., Li et al. 2011). Compar-
ing to the “ideal magnitude-limited sample” breakdown pre-
dicted from the LOSS sample in Li et al. (2011), where there
are 79% Type Ia, 17% Type II, and 4% Type Ib/Ic, the
ASAS-SN sample matches the LOSS prediction almost ex-
actly. The non-ASAS-SN sample and the combined sample
have higher fractions of core-collapse supernovae, as was the
case in our previous catalogs (Holoien et al. 2017b,a).
ASAS-SN continues to be the dominant source of bright
supernova discoveries, and we often discover supernovae
shortly after explosion due to our rapid cadence: of the 336
ASAS-SN discoveries with approximate discovery ages, 69%
(232) were discovered prior to reaching their peak bright-
ness. As was seen in Holoien et al. (2017a), ASAS-SN is less
affected by host galaxy selection effects than other bright
supernova searches. For example, 25% (96) of the ASAS-SN
bright supernovae were found in catalogued hosts that did
not have previous redshift measurements available in NED,
and an additional 4% (14) were discovered in uncatalogued
hosts or have no apparent host galaxy. Conversely, only 16%
(44) of non-ASAS-SN discoveries were found in catalogued
hosts without redshift measurements, and only 3% (8) were
in uncatalogued galaxies or were hostless.
As we showed in our previous catalogs, ASAS-SN dis-
coveries have a smaller average offset from their host galaxy
nuclei than bright supernovae discovered by other searches.
The host galaxy KS-band absolute magnitudes and the off-
sets of the supernovae from the host centers for all super-
novae in our sample are shown in Figure 2. The median
offsets and magnitudes are shown with horizontal and verti-
cal lines for each supernova source (ASAS-SN, amateurs, or
other professionals). A luminosity scale corresponding to the
magnitude scale is given on the upper axis of the figure to
help put the magnitude scale in perspective, assuming that
a typical L? galaxy has M?,KS = −24.2 (Kochanek et al.
2001).
Amateur supernova searches tend to observe bright,
nearby galaxies and use less sophisticated detection tech-
niques than professional surveys, resulting in discoveries that
are significantly biased towards more luminous hosts and
larger offsets from the host nucleus. As we found previously
(Holoien et al. 2017a), other professional surveys continue to
discover supernovae with smaller angular separations than
amateurs (median value of 11.′′8 vs. 16.′′5), but show a simi-
lar median offset in terms of physical separation (5.0 kpc for
professionals, 5.2 kpc for amateurs). ASAS-SN continues to
be less biased against discoveries close to the host nucleus
than either comparison group, as ASAS-SN discoveries show
median offsets of 5.′′0 and 2.6 kpc.
These trends are more easily visible when looking at the
cumulative distributions of the host galaxy magnitudes and
offsets from host nuclei, as shown in Figure 3. The distribu-
tions clearly show that the ASAS-SN and other professional
samples stand out from the amateur sample in host galaxy
luminosity, and that supernovae discovered by ASAS-SN are
more concentrated towards the centers of their hosts than
those discovered by either amateurs or other professionals.
While the majority of non-ASAS-SN professional discoveries
continue to be made by professional searches that do not use
difference imaging (e.g., MASTER, Gaia, CRTS), a larger
fraction of other professional discoveries were made by sur-
veys that do use difference imaging in 2016 than in previous
years due to the start of the ATLAS survey. ASAS-SN con-
tinues to find sources with smaller median offsets than its
competitors despite this fact, implying that the avoidance
of the central regions of galaxies is still fairly common in
surveys other than ASAS-SN, regardless of survey strategy
and techniques.
The median host magnitudes are MKS ' −22.6,
MKS ' −22.8, and MKS ' −23.8 for ASAS-SN discov-
eries, other professional discoveries, and amateur discover-
ies, respectively. There remains a clear distinction between
professional surveys (including ASAS-SN) and amateurs in
terms of host luminosity, and ASAS-SN discoveries now have
a fainter median than those of other professional surveys.
As we have shown previously, one way the impact of
ASAS-SN on the discovery of bright supernovae can be seen
is by looking at the number of bright supernovae discovered
per month in recent years (e.g., Holoien et al. 2017a). In Fig-
ure 4 we show the number of supernovae with mpeak 6 17
per month in each month from 2012 through 2016. Mile-
stones in the ASAS-SN timeline, such as the deployment of
our southern unit Cassius and software improvements, are
shown on the figure to help visualize the impact of these
hardware and software improvements.
In its first year of operation, ASAS-SN had little effect
on the number of bright supernovae being discovered per
month: the average number of bright supernovae discovered
per month from 2012 January through 2013 May was 13 with
a scatter of 4 supernovae per month, and from 2013 June
through 2014 May the average was 15 with a scatter of 5 su-
pernovae per month. However, the addition of our southern
unit Cassius and improvements to our pipeline dramatically
impacted our detection efficiency and survey cadence, re-
sulting in a significant increase in the number of supernovae
discovered per month: since ASAS-SN became operational in
both hemispheres, the average number of bright supernova
discoveries has increased to 20 with a scatter of 5 supernovae
MNRAS 000, 000–000 (2017)
8 T. W.-S. Holoien et al.
20
12
Ja
n.
M
ar
.
M
ay Ju
l.
Se
p.
N
ov
.
20
13
Ja
n.
M
ar
.
M
ay Ju
l.
Se
p.
N
ov
.
20
14
Ja
n.
M
ar
.
M
ay Ju
l.
Se
p.
N
ov
.
20
15
Ja
n.
M
ar
.
M
ay Ju
l.
Se
p.
N
ov
.
20
16
Ja
n.
M
ar
.
M
ay Ju
l.
Se
p.
N
ov
.
Month
0
5
10
15
20
25
30
35
N
S
N
/M
on
th Real-time
Analysis
Begins
Brutus Upgraded
Cassius Deployed
Machine Learning
Implemented
Cassius UpgradedASAS-SN Discoveries
Recovered
Not Recovered
Figure 4. Histogram of bright supernova discoveries in each month from 2012 through 2016. ASAS-SN discoveries are shown in red,
supernovae discovered by other sources and recovered in ASAS-SN data are shown in yellow, and supernovae that were not recovered
by ASAS-SN are shown in blue. Significant milestones in the ASAS-SN timeline are also shown. The dashed pink line shows the median
number of supernovae discovered in each month from 2010 through 2012. The number of bright supernova discoveries has exceeded this
previous median in every month since ASAS-SN became operational in both hemispheres in 2014 May, and ASAS-SN discoveries account
for at least half of all bright supernova discoveries in every month since 2014 April.
per month. This indicates that ASAS-SN has increased the
rate of bright supernovae discovered per month since becom-
ing operational in the southern hemisphere, from ∼ 13 ± 2
supernovae per month to ∼ 20 ± 2 supernovae per month,
and has continued to maintain this increased rate for the
last 2.5 years—the addition of the 2016 supernovae has only
decreased the average number of discoveries by 1 supernova
per month from the previous 2014+2015 sample (Holoien
et al. 2017a). ASAS-SN is discovering supernovae that oth-
erwise would not be found, allowing us to construct a more
complete sample of bright, nearby supernovae than was pre-
viously possible.
Figure 5 shows the redshift distribution of our full sam-
ple, divided by type. There is a clear distinction between the
three types shown, with the Type Ia distribution peaking
between z = 0.03 and z = 0.035, the Type II distribution
peaking between z = 0.01 and z = 0.015, and the Type
Ib/Ic distribution peaking between z = 0.015 and z = 0.02.
Type Ia supernovae have a more luminous mean peak lumi-
nosity than core-collapse supernovae, so this distribution is
expected for our magnitude-limited sample, and is similar to
what we have seen in our previous catalogs (Holoien et al.
2017b,a).
Finally, we show a cumulative histogram of supernova
peak magnitudes with 13.5 < mpeak < 17.0 in Figure 6. As
in our previous catalogs, the Figure shows ASAS-SN dis-
coveries, ASAS-SN discoveries and supernovae recovered by
ASAS-SN, and all supernovae from our sample separately.
While amateur observers still account for a large number of
the brightest discoveries (those with mpeak . 14.5; Holoien
et al. 2017a), ASAS-SN has discovered a significant frac-
tion of these very bright supernovae in 2015 and 2016, ac-
counting for roughly half of such discoveries in our complete
sample. ASAS-SN recovers the vast majority of such very
bright cases that it does not discover, showing that it is
competitive with amateurs who observe the small number
of very low-redshift galaxies with high cadence. ASAS-SN
discovered or recovered every supernova with mpeak < 14.3
in 2016 and accounts for a large fraction of the brightest
supernovae overall.
Figure 6 also illustrates an estimate of the complete-
ness of our sample. We fit a broken power-law (shown with a
green dashed line in the Figure) to the magnitudes of the ob-
servable supernovae brighter than mpeak = 17.01, assuming
a Euclidean slope below the break magnitude and a variable
slope for higher magnitudes. We derived the parameters of
the fit using Markov Chain Monte Carlo (MCMC) meth-
ods. For only the supernovae discovered by ASAS-SN in our
complete sample, the number counts are consistent with the
Euclidean slope down to m = 16.34± 0.07, similar to what
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Figure 5. Histograms of supernova redshifts from our complete
sample with a bin width of z = 0.005. Distributions for Type Ia
(red line), Type II (blue line), and Type Ib/Ic (green line) super-
novae are shown separately, with subtypes (such as SN 1991T-like
and SN 1991bg-like Type Ia supernovae) included as part of their
parent groups. As expected due to their larger intrinsic bright-
ness, Type Ia supernovae are predominantly found at higher red-
shifts, while less luminous core-collapse supernovae are found at
comparatively lower redshifts.
we found in the 2015 sample (Holoien et al. 2017a). We find
break magnitudes of m = 16.26±0.06 and m = 16.19±0.09
for the sample of supernovae discovered and recovered by
ASAS-SN and the sample of all bright supernovae, respec-
tively, again similar to the 2015 results.
We find that the integral completenesses of the three
samples relative to Euclidean predictions are 0.97 ± 0.02
(0.68 ± 0.03), 0.94 ± 0.02 (0.65 ± 0.03), and 0.93 ± 0.03
(0.71 ± 0.03) at 16.5 (17.0) mag for the ASAS-SN discov-
ered sample, the ASAS-SN discovered + recovered sample,
and the total sample, respectively. The differential com-
pletenesses relative to Euclidean predictions are 0.71± 0.10
(0.22 ± 0.04), 0.62 ± 0.06 (0.22 ± 0.04), and 0.67 ± 0.05
(0.36 ± 0.04) at 16.5 (17.0) mag, respectively. These re-
sults imply that roughly 70% of the supernovae brighter
than mpeak = 17 are being found, and that 20−30% of the
mpeak = 17 supernovae are being found, relative to the Eu-
clidean expectation extrapolated from brighter supernovae,
an improvement over the 15−20% seen in the 2015 sam-
ple. The Euclidean approximation used here does not take
into account deviations from Euclidean geometry, the effects
of time dilation on supernova rates, or K-corrections, and
thus likely modestly underestimates the true completeness
for faint supernovae. These higher order corrections will be
included when we carry out a full analysis of nearby super-
nova rates.
4 CONCLUSIONS
This paper represents a comprehensive catalog of spectro-
scopically confirmed bright supernovae and their hosts from
the ASAS-SN team, comprising 248 supernovae discovered
by ASAS-SN, other professional surveys, and amateur ob-
servers in 2016. Our total combined bright supernova sam-
ple now includes 668 supernovae, 387 discovered by ASAS-
SN. The combined sample remains similar to that of an
ideal magnitude-limited sample from Li et al. (2011) with
13.5 14 14.5 15 15.5 16 16.5 17
Peak Magnitude
1
10
100
1000
N
S
N
All
ASAS-SN Discovered + Recovered
ASAS-SN Discovered
Figure 6. Cumulative histogram of supernova peak magnitudes
using a 0.1 magnitude bin width. The distributions for only
ASAS-SN discoveries (red line), ASAS-SN discoveries and super-
novae recovered independently by ASAS-SN (blue line), and all
supernovae in the sample (black line) are shown separately. The
green dashed line shows a broken power-law fit that has been
normalized to the complete sample with a Euclidean slope be-
low the break magnitude and a variable slope for fainter sources,
and the lavender dashed line shows an extrapolation of the Eu-
clidean slope to m = 17. The sample is roughly 70% complete for
mpeak < 17.
a smaller proportion of Type Ia supernova relative to core-
collapse supernovae than expected.
ASAS-SN is the only professional survey that provides
a complete, rapid-cadence, all-sky survey of the nearby tran-
sient Universe, and continues to have a major impact on the
discovery and follow-up of bright supernovae. Even with the
advent of recent professional surveys, amateur astronomers,
who focus on bright and nearby galaxies for their supernova
searches, remain the primary competition to ASAS-SN for
new discoveries. Our analyses show that ASAS-SN contin-
ues to find supernovae that would not be found otherwise
(e.g., Figure 4) and that it finds supernovae closer to galactic
nuclei and in less luminous hosts than its competitors (Fig-
ure 2). In 2016 ASAS-SN recovered the majority of bright
supernovae that it did not discover, as was the case in 2015,
and discovered or recovered all but one of the very bright
(mpeak 6 15) supernovae that were discovered in 2016.
Our sample completeness is comparable to what it was
at the end of 2015. Figure 6 shows that the magnitude dis-
tribution of supernovae discovered between 2014 May 1 and
2016 December 31 is roughly complete to a peak magni-
tude of mpeak = 16.2, slightly worse than in 2015, but that
it is roughly 70% complete for mpeak 6 17.0, a slight im-
provement over 2015. This analysis serves as a precursor to
rate calculations which will be presented in Holoien et al. (in
prep.). These rate calculations may have a significant impact
on a number of fields, including the nearby core-collapse rate
(e.g., Horiuchi et al. 2011, 2013) and multi-messenger stud-
ies ranging from gravitational waves (e.g., Ando et al. 2013;
Nakamura et al. 2016), to MeV gamma rays from Type Ia
supernovae (e.g., Horiuchi & Beacom 2010; Diehl et al. 2014;
Churazov et al. 2015) to GeV–TeV gamma rays and neutri-
nos from rare types of core-collapse supernovae (e.g., Ando
& Beacom 2005; Murase et al. 2011; Abbasi et al. 2012).
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Such joint measurements would be a great increase in the
scientific reach of ASAS-SN discoveries.
This is the third of a yearly series of bright supernova
catalogs provided by the ASAS-SN team, and it is our hope
that these catalogs will provide convenient and useful repos-
itories of bright supernovae and their host galaxies that can
be used for new and interesting population studies. ASAS-
SN continues to discover many of the best and brightest
transients in the sky, and these catalogs are one way in
which we can use our unbiased sample to impact supernova
research now and in the future.
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